To the editor:

Percutaneous nephrolithotomy (PCNL) was first reported by Fernstrom et al. \[[@B1]\] in 1976. After being defined as a novel extraction technique, the method has gained popularity by urologists. The technique has evolved over time and is still being advanced today. The main goal of researchers is to reduce undesirable outcomes of the technique and facilitate interventions for complex conditions including horseshoe kidneys and ectopic kidneys. With the introduction of laparoscopy-assisted PCNL techniques in recent years, the success rate of PCNL has increased. However, it should be noted that complication rates may have increased with these recent developments. PCNL-related complications are categorized according to the Clavien classification system. This system is treatment-oriented, which allows identification of procedure-related complications and management of the condition. The primary goal of the system modification is to standardize treatment approaches for urological diseases.

PCNL-related complications vary widely from basic medical treatment and follow-up, to fatal events. The major and minor complication rate of PCNL is as high as 83% \[[@B2]\]. According to the Clavien grading system, grade I defines all events requiring a simple medical treatment. Bleeding requiring blood transfusion is one of the most frequently seen grade II PCNL complications (5.8%). The rate of mortality, which is defined as a grade V complication, is 0.1%. PCNL-related neurological complications are very rarely seen, with an incidence of below 0.1% ([Table 1](#T1){ref-type="table"}). However, such complications are of utmost importance, as they are extremely severe and early diagnosis can be difficult.

Air embolisms were first defined as PCNL-related complications in 1984 by Miller et al. \[[@B3]\]. To date, the utilization of the pyelographic media, chemolytic agents, irritant solutions, and coagulating agents have been thoroughly scrutinized in the literature \[[@B3]\]. The first case of sudden death due to venous air embolism after PCNL was reported in 1985 \[[@B4]\]. Since then, air embolisms have been recognized as a complication of PCNL. In 2007, PCNL-induced paradoxical air embolism was defined. In this case, neurological complications resulted from an air embolism entering the paradoxical arterial system through a patent foramen ovale, which was essential for fetal circulation \[[@B5]\]. Paradoxical air embolisms may be caused by barotrauma/decompression sickness, penetrating trauma injuries, as well as during intracardiac shunting or cardiac surgery. It occurs when gas entering into the vein or the left heart and, thereby, systemic circulation, may lead to an arterial embolism \[[@B6],[@B7]\]. Air embolisms are a very rare complication of PCNL. The most common causes of air embolism include direct airing of the venous system and utilization of air retrograde pyelogram during the procedure. Complication-related morbidity and mortality are associated with the air drift velocity, drifting volume pressure, patient position during the procedure, and cardiac status \[[@B5]\]. The foramen ovale is necessary during intrauterine life, and is typically closed within the first two years of life. However, clinicians should be aware of a patent foramen ovale, an undiagnosed atrial septal defect, or a ventricular septal defect in children, particularly during PCNL.

Paradoxical air embolism is a major neurological complication of PCNL. Air embolisms that enter arterial circulation through a patent foramen ovale may lead to confusion, loss of sensation, and seizures. Cryptogenic stroke, which is a more serious neurological complication, should be also taken into consideration \[[@B8]\]. In addition, the use of medical gases such as nitrogen, nitrogen oxide, carbon dioxide, and helium have been known to cause air embolisms. Among them, water-soluble carbon dioxide has the lowest complication rate. Endoscopic surgery has been recognized as a safe treatment modality when performed in combination with pneumovesicum, a novel technique for endoscopic cross-trigonal ureteral reimplantation \[[@B9]\].

Standard PCNL is performed under general anesthesia in the lithotomy position for the insertion of a 6-French ureteral catheter, after placing roll cushions under the ipsilateral leg, iliac bone, and shoulder. Initial exploratory puncture is performed with an 18-gauge needle in the prone position. Then, an iodine-contrast medium is injected intravenously to view an anterograde pyelogram and the collecting system. It can be achieved under fluoroscopic guidance using semi-rigid Amplatz dilators and rigid nephroscopy with a pneumatic lithotriptor at a low pressure through irrigation with isotonic solution.

On the other hand, there is a significant difference in treatment modalities among patients with PCNL-related neurological complications and those without any complications. The most significant difference is the utilization of air instead of contrast medium to view the collecting system. The volume of the system is 10-12 mL, though 20-50 mL of air has been reportedly used in pyelography. However, there is a similarity with respect to the procedure used among the patients: all are operated in prone position under general anesthesia using an air pyelogram. Furthermore, neurological complications of PCNL are not solely associated with a patent foramen ovale, as predisposing factors that could induce such complications may be present. These include left ventricular dysfunction, a hypokinetic left ventricular wall, heart valve diseases, prolonged preoperative hypertension, a sudden drop in blood pressure in hypertensive patients, atherosclerosis, and the tendency to thrombosis \[[@B8]\].

In addition, the use of supportive cushions under the abdomen in the prone position and fixation cushions in the flexion position during PCNL, may result in inadequate spinal cord perfusion and, thus, ischemia. Preoperative hypotension is also a cause of increased malperfusion and ischemia. Transient spinal artery ischemia and thrombus are also associated with lengthening of the flexor and lying face-down in the prone position \[[@B10],[@B11]\].

In conclusion, serious neurological complications due to PCNL such as paraplegia, hemiplegia, or quadriplegia should be kept in mind. These complications may be both a financial and emotional burden for patients and their relatives. We recommend that urologists who prefer using air to produce pyelograms during PCNL should be made aware of the possible risk of air embolism. We conclude that predisposing factors along with extensive flexion and fixation in prone position, mechanical stasis, thrombus formation, and spinal cord ischemia due to an inadequate spinal cord perfusion, establish a ground for neurological complications.

No potential conflict of interest relevant to this article was reported.

###### 

Neurological complications of percutaneous nephrolithotomy

![](inj-18-45-i001)
